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Introduction

During Rel-17 phase, the HST FR2 enhancement was discussed to support high-speed-train velocity of up to a maximum of 350km/h and an additional power class 6 was introduced for HST FR2 CPE. For FR2 HST in Rel-18 [2], there are still some open issues left for further discussions. In this contributions, we want to share some further inputs on these topics.
Feasibility of supporting HST velocity of up to a maximum of 500km/h
New uplink timing adjustment mechanism to address large propagation delay issue
Discussion              

2.1. Feasibility of supporting HST velocity of up to a maximum of 500km/h
Similar as FR1 HST, if FR2 HST supports the 500km/h, then the CPE receiver needs to handle the larger Doppler offset as shown in Figure 1and figure 2 for Doppler trajectories for uni-directional deployment and bi-directional deployment. 
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Figure 1 Doppler trajectories of scenario-A uni-deployment with Ds_offset of 70m
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Figure 2 Doppler trajectories of scenario-B bi-deployment
The Doppler frequency shift for the support of 500km/h at 30GHz could be as following:
Doppler shift=30*10^9[Hz] * 138.888[m/s] / 299792458[m/s]=13.9kHz
For frequency synchronization of FR2 HST CPE, the coarse time and frequency synchronization could be obtained from NR-PSS detection, and then followed by NR-SSS signal for further frequency error estimation and compensation. In theory, the maximum Doppler shift could be up to 
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. For coarse Doppler frequency shift estimation by SSB (e.g. PSS/SSS, or PBCH DMRS), then it could be up to 
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=30kHz which is still higher than the practical experienced Doppler frequency shift. For fine Doppler frequency shift estimation by TRS with 4 symbols gap, then it could be up to 
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=15kHz which is close to the practical experienced Doppler frequency shift. 

At least, from the coarse and fine Doppler shift estimation perspective, 500km/h at 30GHz could be still feasible in theory, just without too much implementation margins left for fine Doppler shift estimation. For sure, the market demand should be also clarified especially from interested operators whether this would be typical deployment. If there is no strong market demand on the support of 500km/h in FR2, then this could be de-prioritized compared with other topics.
2.2. New uplink timing adjustment mechanism to address large propagation delay issue

It has been identified that the large propagation delay difference between neighbouring RRH will lead to as much as 2.33µs given Ds = 700m, which is much larger than CP length with 120kHz subcarrier spacing, so only depend on gradual timing adjustment is not enough. During Rel-17, two candidate solutions were discussed including PDCCH order triggered RACH and one-shot TA adjustment to address UL timing issue caused by large propagation delay difference. However due to no RAN1/2 TU allocation, so only very limited NW signalling was introduced in HST FR2 in Rel-17, some extra NW assistance signalling which will benefit UL timing could be further studied during Rel-18.

Further more, about the detailed procedure of both RACH solution and one-shot TA adjustment solution, in our opinion, some further discussion is still necessary to make it more clear. The UE capability of whether supporting one-shot TA adjustment or not has been agreed to introduce in Rel-17. For the CPE capable of one-shot TA adjustment, the detailed procedure can be classified into explicit inter-RRH indication based solution and implicit inter-RRH indication based solution. For the former, no discussion held in Rel-17. For the latter, some options proposed in Rel-17, such as aperiodic L1-RSRP based approach, TCI state switching based approach and UE detection based approach. All these solutions can be further discussed during Rel-18 and the key point is to address when and how to identify the DL timing refining for both coarse and fine DL timing.

Based on the above considerations, we propose to have the following updates for the objectives of FR2 HST in Rel-18.
	The core part of this work item includes
Only train roof-mounted high power devices with target applicable carrier frequency up to 30GHz are considered in this WI

Specify the RF requirements for intra-band carrier aggregation (CA) scenario, and investigate and specify the RRM requirements for intra-band carrier aggregation (CA) scenario

Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:

Maximum 2 active panels supporting the multi-panel simultaneous reception. 

NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception

[Study the feasibility, and if feasible enable supporting HST velocity of up to a maximum of 500km/h, with carrier frequency up to 30GHz]

Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any

 Other core requirements considering the following potential objectives for the corresponding scenarios below

Specify the requirements to support the scenario with mixed near-to-track (i.e., Scenario-A with Ds = 700m and Dmin = 10m) and far-from-track (i.e., Scenario-B with Ds = 700m and Dmin = 150m) RRH deployment

Specify the new uplink timing adjustment mechanism for FR2 HST scenario with large propagation delays from different TRPs to UE


Conclusions
In this contribution, we elaborated our views further on FR2 HST in Rel-18 could be further improved to enable more advanced features and ensure the better NR system performance.
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